In Maximum Power Point (MPP) applications for photovoltaic generators, the DC-DC tracker converter is as important as the MPP tracking algorithm. The purpose of this work is to present the design methodology of a buck converter applied in maximum power point tracking. In this paper we also compare Hill-climbing and Fractional Voc MPPT efficiency. The MPPT algorithms were implemented with an autonomous DC/DC converter. It allows to determine their real advantages and disadvantages. Finally, our system will be used to charge supercapacitors. The most significant advantage supercapacitors have over batteries is their ability to be charged and discharged continuously without degradation and their low operating temperature (-40°C).
Introduction
The environmental problem is an enormous issue of today. Utilization of renewable energy is a good potential way to solve this problem. Therefore, clean-energy resources such as solar arrays, wind generators and others have attracted wide attention in both research and industry fields. However, solar energy attracts much attention because it can be used for powering many types of appliances. A photovoltaic (PV) energy conversion system may employ a DC to DC convertor including a Maximum Power Point Tracking (MPPT) function. It allows the PV array to transfer the maximum available energy to the load. As mentioned above, this paper proposes a design methodology of an autonomous buck converter with the maximum input power at 7 watts. We finally present in this paper the DC/DC converter efficiency implemented with MPPT algorithms (Hill-climbing and Fractional Voc). The approach presented in this paper is designed for charging supercapacitors.
Related work and Background
Several DC/DC converters for photovoltaic generators have been proposed in literatures. In [1] , the energy efficiency between buck and boost converters is compared. It is shown that an MPPT based on the Boost converter configuration results in higher efficiency, thus better utilizing of the solar cells. In [2] , the DC-DC Buck, Boost, Buck-Boost, Cúk, Sepic and Zeta converters are analyzed in order to determine which one is more proper to be applied as Maximum Power Point Tracker (MPPT). However, the simulation results demonstrated that, under low radiation, Boost converter has a poor tracking behavior. A development of a microcontroller-based boost converter for photovoltaic system is presented in [3] . The converter is designed to step up solar panel voltage to a stable output without storage elements such as battery. A Buck converter used to enhance the energy conversion efficiency in PV systems is analyzed and practically evaluated in [4] [5] [6] . The Buck converters presented in literatures are used to charge batteries. Nevertheless, by removing the battery altogether and storing energy solely in the supercapacitors, there is now a viable option for achieving long-life operation of any systems. In addition, charging a supercapacitor and drawing maximum solar power are both areas of active research. However, based on the authors' knowledge, only a publication is presented in [7] . The novelty of this system lies in the pulsed frequency modulated converter and open-circuit solar voltage method for maximum power point tracking, enabling the solar cell to efficiently charge the supercapacitors and power the load. However the system is very complicated to implement. Accordingly, we present in this paper a simple Buck converter that cans efficiency charge supercapacitors. However, in order to have high efficiency DC/DC converter, developers have to select appropriate components. Therefore we present in this paper how to select appropriate component with buck converter. Different MPPT algorithms are finally also compared.
BUCK converter Principle
The DC-DC Buck converter was designed to process power from 1 to 7 watts. Fig. 1 is a simplified schematic diagram of the prototype DC/DC buck converter. 
Inductor, L1:
The required inductor is determined by
In this work, the calculated inductor value is 35 µh. Nevertheless its power losses are related with copper losses and current flow through the inductor. We must consider a low core loss inductor to obtain good performance. A SRU1028-330Y of Bourns Inductor is chosen for our application.
High MOSFET Switch, Q1:
The losses associated with MOSFETs can be divided into conduction and switching losses. For high MOSFET switch, switching losses mostly dominate its power dissipation. Switching losses occur on each on/off transition. Total gate charge, Qg is the charge required to turn the MOSFETs on and off under the specified operating conditions. Qg should then be small because, the lower the charge, the lower the gate drive current needed to achieve a given switching time [4, 9, 10] . In our application, we choose a FDN357N NChannel transistor.
Low MOSFET Switch, Q2: Since the bottom MOSFET switches current from/to a paralleled diode, the voltage across the MOSFET is no more than 1V during switching transition. As a result, its switching losses are negligible. 
Eq. 2
In addition, to improve performance, a diode having low reverse recovery time (trr) should be chosen. In this work, the diode's average current is equal 0.45 A. Thus, a schottky diode, 10BQ030PBF, with the maximum average forward current of 1 A meets requirement. Moreover, its low forward voltage allows the converter improve efficiency and reduce noise.
Zener voltage regulator diode, D3 and D4: The
MOSFETs have a Zener diode disposed between the gate and source. It is used for prevent the breakdown of the MOSFET caused by overvoltage and static electricity. For that, the reverse voltage of the chosen zener diode should be smaller than the MOSFET maximum gatesource voltage. In this paper, 1SMB5932BT3G 1SMB5927BT3G zener diodes are used as D3 and D4, respectively.
Input capacitor, C1:
The primary purpose of the input capacitor is to provide quickly energy to the power stage (Q1, Q2, L1,C2) when Q1 is closed and charges L1 during steady state operation [11] . The eq.3 will approximate the minimum capacitance required.
In ( ) ( )
The desired output voltage ripple (∆V OUT ) is defined as 50 mV. Thus the output capacitor in our application has to be higher than 5µF. We chose two KEMET ceramic capacitors, C1210C335K5RAC-TU, 3.3 µF connected in parallele.
Schottky Diode, D5:
The schottky diode is implemented in order to avoid reverse current from the supercapacitors. A schottky diode, 10BQ030PBF is chosen because of its low forward voltage.
We have already presented the methodology to choose component. However to increase performance and efficiency of power MOSFETs, a MOSFET driver Si9913 is used. The power level is just slightly increased by the power consumption of the driver IC, which is relatively small compared to the power loss associated by the total gate charge of the MOSFET. Another advantage is to ensure that both high-side and low-side MOSFETs are not turned on at the same time.
To allow solar panels operate at their maximum power point, the voltage and current are continuously monitored by a microcontroller and the duty cycle of the buck converter continuously adjusted to extract maximum power. However the MOSFETs driver and the microcontroller require a power supply of 5 volts. In order to make the system autonomous, a LDO voltage regulator, TPS71550, is connected between solar panels and the components shown in fig.1 . Then solar cell's power output powers directly devices through the LDO voltage regulator.
The autonomous buck converter is presented in fig.2 However, to charge the supercapacitors, the study of MPPT functions and supercapacitors voltage regulation is also important. 
Algorithm Implementation
The different techniques of MPPT for photovoltaic arrays are presented in [12] . Among presented paper, our paper focuses on Hill-climbing and Fractional-Voc. Hillclimbing is interesting because of its high MPPT efficiency tracking. However two sensors (voltage and current) are required for this algorithm. Contrary to hillclimbing, fractional-Voc technique requires only a voltage sensor. In addition, it is easier to implement. However, it gives lower MPPT efficiency tracking the maximum power point than hill-climbing. To know their real advantages and disadvantages, both algorithms are implemented for performance evaluation.
We used a solar panel to charge ten Maxwell supercapacitors, PC10 (two PC10 in series mounted in parallel with another two PC10 in series). Each algorithm is implemented on the PIC18F1220 microcontroller. 
Conclusion and Discussion
In conclusion, we presented in this paper the autonomous buck converter to charge the supercapacitors by the maximum available energy of PV array. To make the converter efficient, we simply have to choose appropriate components as presented above. In addition, two different algorithms are compared. Our system can prolong the lifetime of any system thanks to a battery-less system.
